A series of (benzoimidazol-2-ylmethyl)amine palladium(II) complexes have been 
Introduction
Hydrogenation reactions of alkenes and alkynes are currently one of the dominant industrial processes used for the reduction of unsaturated organic compounds to a wide range of relevant products. [1] [2] [3] Several metal-based catalysts derived from nickel, palladium, ruthenium, rhodium, iridium and platinum have been employed in the catalytic hydrogenation of alkenes and alkynes under both homogenous 4, 5 and heterogeneous 6, 7 conditions. Currently, the major focus in transition metal catalyzed homogeneous molecular hydrogenation reactions has been on ligand design; and the insights gained so far show that the ability to control the catalytic behavior of these catalyst lies in the coordination environment around the metal atom.
To date, palladium(II) catalysts are currently receiving much attention in the hydrogenation of alkenes and alkynes due to their superior catalytic activities and selectivity. 8 Numerous reports have appeared on the homogenous hydrogenation of alkenes and alkynes using palladium(II)
catalysts supported on phosphine-donor ligands. For example, Bacchi et al 9 and Drago et al 10 employed hydazonic phosphine palladium(II) and bidentate (2,5-dimethylphospholano) palladium(II) complexes as effective catalysts in the hydrogenation of alkenes. Even though the phosphine-donor palladium catalysts have been successfully used in the homogeneous hydrogenation reactions of alkenes and alkynes, these systems suffer from lack of stability and sensitivity to moisture and air. 11 As a results, nitrogen-donor palladium(II) catalysts are emerging as suitable alternatives due to their better stability and ease of synthesis in comparison to the phosphine-donor palladium(II) complexes. For example, the pyridine-2-carbaldine palladium(0) 12 and bis(arylimino)acenaphthene palladium(0) 13 complexes have been shown to exhibit good selectivity and stability in the homogenous hydrogenation of alkynes. the complexes showed catalytic activities to afford 100% ethylbenzene with conversions ranging from 54% to 99% within 1.5 h (Fig. S1 ). In order to fully account for the role of complexes 1-6 in the observed catalytic hydrogenation reactions, control experiments were conducted without the use of the palladium(II) complexes under similar reaction conditions. The low percentage conversions of 4% within 10 h (Table 1 , entry 7) confirmed that complexes 1-6 were responsible for the observed higher catalytic activities. We thus further carried out detailed kinetics, selectivity and theoretical studies to establish the structure-activity relationship. Kinetics of the hydrogenation reactions of styrene were investigated for complexes 1-6 by monitoring the reactions using a GC chromatography. 
From the rate constants observed, the cationic complex 6 was the most active compared ( To shed some light on this, mercury poisoning test was conducted by adding few drops of mercury to the reaction solution. 23 Appreciable drop in catalytic activity from 92% to 67% was observed (Table 2, 
Effect of temperature and solvents on styrene hydrogenation kinetics
The effect of temperature on the kinetics of hydrogenation of styrene using catalyst 2 was investigated by comparing the catalytic activities of 2 from 30 °C to 60 °C (Table 3 , entries 1-4). Table 3 were extracted from the plot of In[styrene]0/[styrene]t vs time (Fig. S5) . Expectedly, a significant increase in the rate constant from 1.67 h -1 to 6.30 h -1 was recorded with an increase in reaction temperature from 30 °C to 60 °C. The overall activation energy (Ea) of the hydrogenation of styrene using 2 was calculated from the Arrhenius plot of Inkobs vs 1/T (Figure 3a) We also studied the effects of solvents using toluene, THF, dichloromethane, methanol and DMSO in the hydrogenation reactions of styrene using complex 2 (Table 3, 
The observed rate constants at different temperatures in

Effect of alkene and alkyne substrates on styrene hydrogenation kinetics and selectivity
Complex 2 was further used to investigate the hydrogenation reactions of a range of alkene and alkyne substrates: 1-hexene, 1-octene, 1-nonene, 1-decene, phenyl-acetylene, 1-hexyne and 1-octyne.
The initial rate constants (kobs) of each substrate were determined from the plot of In[Sty]0/[Sty]t vs time (Fig. S6) . The results obtained generally showed that alkynes were more reactive compared to the corresponding alkenes. 31,32 For example, kobs of 0.69 h -1 and kobs of 2.92 h -1 were obtained for 1-hexene and 1-hexyne (Table 4 , entries 2 and 7). The alkyl chain length had a profound effect on the reactivity of the substrates, in which shorter chains were more reactive. For instance, kobs of 0.69 h -1 and 0.50 h -1
were observed for 1-hexene and 1-decene respectively (Table 3 , entries 2 and 5). The decrease in catalytic activity with alkene chain has been attributed to poor coordinating abilities of higher alkenes to the active metal center. 11 With respect to alkenes, the best catalytic activity was obtained using styrene (kobs = 1.67 h -1
); a feature that has largely been assumed to arise from the delocalized double bonds in the phenyl ring. 33 The product distribution of terminal alkenes and alkynes was similar to our recent reports; 21,22 hydrogenation reactions of terminal alkenes were followed by isomerization reactions to
give the corresponding internal alkenes, while alkyne hydrogenation reactions occurred in two steps to produce the respective alkenes and alkanes ( Figure 4 ). phenyl-acetylene using complex 2 as a catalyst.
Theoretical insights of the hydrogenation reactions of alkenes
Density Functional Theory (DFT) calculations were conducted in order to have an understanding of the effect of the ligand motif and catalyst structure on the catalytic activities of complexes 1-4. The geometries-optimized structures and frontier orbital energy (HOMO and LUMO) maps are summarized in Table 4 and Fig. S7 
Proposed mechanism of the hydrogenation of styrene
The dependency of the rate of hydrogenation reactions on styrene, catalyst and hydrogen pressure (eq. 2) is consistent with either of the following equations 3 and 4. The partial and lower order of reaction with respect to [H2] of 0.7 ± 0.1 support the formation of a monohydride species as the rate determining step. This points to the first mechanism (3) as the most probable pathway. 35 Based on the kinetics data and the dependency of the rates of hydrogenation reactions on the coordinating ability of the solvent used, we can now propose two mechanisms as shown in Scheme 1. The first pathways is a classical route usually observed for bidentate systems where dihydride species is not favored, thus formation of the monohydride species 2a. 36 In the second pathway (B), the presence of a coordinating solvent leads to the formation of the solvated species 2-I, consistent with the earlier proposals by Halper. 37 Depending on the coordinating ability of the solvent used, substrate addition to give 2b-II may be hindered leading to lower catalytic activities, consistent with the observed lower activities in methanol in comparison to toluene. In both, routes, the ratedetermining step is the oxidative addition of hydrogen to give the Pd (IV) species 2d and 2-IV, in line with observed lower partial orders of 0.7 with respect to [H2].
alkenes. Kinetics, thermodynamics and mercury drop experiments point to largely homogeneous systems. A mechanistic pathway in which olefin coordination precedes oxidative hydride addition and stabilization of the active species by a coordinating solvent is proposed.
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